Short sleep duration, which is associated with increased morbidity and mortality, has been shown to vary by occupation and industry, but few studies have investigated differences between black and white populations. By using data from a nationally representative sample of US adult short sleepers (n = 41,088) in the National Health Interview Survey in 2004-2011, we estimated prevalence ratios for short sleep duration in blacks compared with whites for each of 8 industry categories by using adjusted Poisson regression models with robust variance. Participants' mean age was 47 years; 50% were women and 13% were black. Blacks were more likely to report short sleep duration than whites (37% vs. 28%), and the black-white disparity was widest among those who held professional occupations. Adjusted short sleep duration was more prevalent in blacks than whites in the following industry categories: finance/information/real estate (prevalence ratio (PR) = 1.44, 95% confidence interval (CI): 1.30, 1.59); professional/administrative/management (PR = 1.30, 95% CI: 1.18, 1.44); educational services (PR = 1.39, 95% CI: 1.25, 1.54); public administration/arts/other services (PR = 1.30, 95% CI: 1.21, 1.41); health care/social assistance (PR = 1.23, 95% CI: 1.14, 1.32); and manufacturing/construction (PR = 1.14, 95% CI: 1.07, 1.20). Short sleep generally increased with increasing professional responsibility within a given industry among blacks but decreased with increasing professional roles among whites. Our results suggest the need for further investigation of racial/ethnic differences in the work-sleep relationship.
Studies suggest that mean sleep duration among US adults has decreased over time (1) , which is of public health concern because insufficient sleep has been linked to increased risk of poor health (self-reported), weight gain and obesity, hypertension, diabetes, coronary heart disease, and mortality (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The prevalence of short sleep duration has been shown to vary by industry and occupation among US workers (13, 14) , with work affecting sleep through several factors, including long/extended work hours, rotating or shift work, and job-related stress (14) (15) (16) (17) (18) . The internet and email capabilities, cellular phones, and other communication devices have resulted in employees becoming perpetually available and capable of communicating and engaging in work in ways and during times that may displace sleep (19, 20) . US blacks may be at particularly high risk for insufficient sleep-related morbidity and mortality (21, 22) , and racial differences in sleep duration by industry and occupation may arise for various reasons. For instance, blacks employed across various industries are more likely towork nontraditional shifts with nonstandard work schedules (especially night shifts) and to have long working hours, which can negatively affect health through insufficient sleep duration by, for example, disrupting circadian rhythms and increasing one's appetite for sweet and salty foods (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . Compared with whites, blacks are also more likely to report general job stress, to experience objective and perceived discrimination, to work in positions with low control/high demand and that involve low decision-making power, to work multiple low-wage jobs, and to live in poverty despite being employed (26, 27, (32) (33) (34) (35) (36) (37) (38) .
Understanding the impact of occupation and industry of employment on sleep, as well as how blacks and whites may be differentially affected, can help identify racial disparities and enable the creation of tailored, mitigating interventions. However, few studies have investigated black-white differences in the work-sleep relationship. Therefore, we sought to examine racial/ethnic differences in short sleep duration by industry of employment by using a nationally representative sample of US adults reporting short sleep duration in the National Health Interview Survey (NHIS) from 2004 to 2011. We hypothesized that 1) the prevalence of short sleep duration would increase for both blacks and whites; 2) blacks compared with whites would have a consistently higher prevalence of short sleep duration across industries; and 3) these racial/ethnic disparities would persist over the study period.
MATERIALS AND METHODS

The National Health Interview Survey
We analyzed data from the NHIS, which is a series of crosssectional, nationally representative surveys that use a 3-stage stratified cluster probability sampling design to conduct inperson interviews in households of noninstitutionalized US civilians. A detailed description of NHIS procedures is available elsewhere (39) . Briefly, each week (on a continuous basis), a probability sample of households was interviewed by trained interviewers from the US Census Bureau (Spauldings, Maryland) to obtain information about health and other characteristics of each member of the sampled households. The data collection interviews were conducted through computer-assisted personal interviewing. From each sampled family, 1 adult and 1 child were randomly selected to provide additional health-related information. The final response rate for sampled adults, who were the basis for this analysis, was 67% (range, 61%-72%). Our study was approved by the Harvard School of Public Health's institutional review board.
Study participants
Participants included self-reported non-Hispanic white or non-Hispanic black (hereafter, white and black) adults aged 18 years and older. Participants were excluded if they 1) were born outside the US; 2) had an extreme body mass index (BMI) (calculated as weight (kg)/height (m)
2 ) value of less than 15 or greater than 70; or 3) had missing data on sleep, industry of employment, or employment status. Our final sample comprised 136,815 adults, of whom 41,088 (30%) were considered short sleepers (<7 hours/day), 41,495 (31%) were considered optimal sleepers (7 hours/day), and 54,232 (39%) were considered long sleepers (>7 hours/day) (Web Figure 1 , available at http://aje.oxfordjournals.org/). We excluded non-US born participants because evidence suggests that sleep patterns among US immigrants differ from those among individuals born in the United States (40) . Military personnel were excluded because the NHIS is not designed to provide accurate estimates in this population.
Measures
Sleep duration. Sampled adults who were 18 years of age or older reported how many hours they sleep, on average, in a 24-hour period. Interviewers were instructed to report the hours of sleep in whole numbers, rounding values of 30 minutes or more up to the nearest hour and rounding values less than 30 minutes down to the nearest hour. Short sleep duration was defined as a usual sleep duration of less than 7 hours; optimal sleep was defined as 7 hours; and long sleep was defined as more than 7 hours. Seven hours of sleep was used as the reference because it is associated with the lowest levels of morbidity and mortality (8, 12) .
Race/ethnicity. Participants were asked, "What race or races do you consider yourself to be?" They then selected 1 or more of the following categories: white, black/African American, American Indian/Alaskan native, Asian, or multiple races. Our analysis focuses on blacks/African Americans and whites because the underlying biological and social mechanisms leading to differences in sleep duration are likely to vary by race/ethnicity, and whites are customarily used as the comparison group for greater statistical stability because they have the largest sample size.
Industry of occupation. We grouped the North American Industrial Classification System (NAICS) (NAICS Association, LLC, Rockaway, New Jersey) codes into 8 meaningful industry categories as follows : 1) Employment and socioeconomic status. Employment status in the week prior to the interview was ascertained for all adults and was categorized as "working for pay," "working without pay," "job not at work" (meaning the subject held a job but did not work in the week prior to the interview), "unemployed," or "not in the labor force." Educational attainment was categorized as less than high school (no high school diploma), high school (high school or general equivalency diploma), and greater than high school (any education beyond high school). Annual household income was dichotomized as above or below $35,000, and poverty status was based on being below the poverty line after the participants' best estimates of total income of all family members from all sources before taxes. Adults who were working at a paying or nonpaying job during the week prior to the survey, those who had a job or business but were not at work during the prior week, and those who ever worked were asked about their occupations, which were categorized on the basis of the Standard Occupational Classification System (http://www.bls.gov/soc/). We combined occupations into categories of professional/management, support services, or laborers on the basis of type of work. Class of work/occupation (based on current, longest held, or most recently held job or work situation) was classified as either 1) an employee of a private company, business, or individual for wages, salary, or commission; 2) a federal, state, or local government employee; 3) self-employed in own business, professional practice, or farm; or 4) working without pay in a familyowned business or farm.
Health behaviors. Smoking status and lifetime alcohol drinking status were categorized as "ever" or "never." Leisuretime physical activity was categorized as "none," "low," or "high." Participants who engaged in at least some level of activity and who provided a specific number of activity bouts were dichotomized at the midpoint of these bouts and classified as having activity levels of "low" or "high." Participants reporting "never" or "unable to do this type activity" were categorized as "none."
Medical conditions. Sampled adults were asked if they had ever been told by a doctor or other health professional that they had "hypertension, also called high blood pressure" and, separately, if they had "diabetes or sugar diabetes." Participants were also asked if a doctor or other health professional had ever diagnosed them as having any kind of heart condition or disease other than coronary heart disease, angina pectoris, or a myocardial infarction, as well as if a doctor or other health professional had ever diagnosed them as having coronary heart disease. We combined these variables to adjust for heart disease.
Covariates. Self-reported height and weight were used to calculate BMI. Obesity was defined as a BMI value of 30 or higher, overweight as 25.0-29.9, normal weight as 18.5-24.9, and underweight as less than 18.5 (19) . Marital status was categorized as married/living with a partner, divorced/ separated/widowed, or never married. Regions of the country were categorized as South, Midwest, Northeast, or West. Selfreported general health status was categorized as excellent/ very good, good, or fair/poor.
Statistical analysis
We pooled 8 survey years (2004-2011) of NHIS data merged by the Integrated Health Interview Series (https://www.ihis. us/ihis/). For all analyses, we used sampling weights that account for the unequal probabilities of selection resulting from the sample design, nonresponse, and oversampling of certain subgroups. Standard errors or variance estimations were calculated by using Taylor series linearization (41) . Stata, version 12, software (StataCorp LP, College Station, Texas) was used for all analyses.
Continuous variables were expressed as means and standard errors, whereas categorical variables were presented as absolute values with corresponding percentages. We used RaoScott second-order corrected Pearson statistics that take survey weights into account to test for differences in prespecified sociodemographic, clinical, and behavioral characteristics of interest between whites and blacks, as well as sleep duration (41) .
To estimate prevalence ratios for short sleep duration among blacks compared with whites by industry, we used 5 different Poisson regression models with a robust variance estimator (43) . Prespecified socioeconomic, health behavior, demographic, and clinical characteristics were entered into the model as a group in an inclusive stepwise manner, and white participants were used as the reference for the blackwhite comparisons. For models stratified by race for blacks and whites, as well as for a separate model with an interaction term for race and sleep, we first adjusted for age in 3 categories (18-49 years, 50-64 years, or ≥65 years) and then for demographic factors (i.e., sex, marital status, and educational attainment) in our second model. We subsequently adjusted for health behaviors, including smoking status, alcohol consumption, and leisure-time physical activity in the third model before adjusting for self-reported health status, hypertension, heart disease, diabetes, cancer, and 4 standard BMI categories in the fourth model. The final model adjusted for living in poverty, class of occupation, occupation, and annual household income above or below $35,000.
To test for race-specific temporal trends in short sleep duration over time by industry of employment, we again used RaoScott second-order corrected Pearson statistics for each industry among blacks and whites, separately. To test for potential blackwhite differences in the prevalence of short sleep duration in a pooled analysis, we introduced interaction terms for race and survey year with 2 years combined for separate linear regression models.
RESULTS
Characteristics of the study population
Among the 136,815 participants, the mean age was 47 years; 50% were women; 13% were black; 28% (for whites, 30%; for blacks, 17%) had at least a college education; and 29% reported short sleep duration. Table 1 shows weighted estimates of the age-adjusted prevalence of short sleep duration by sociodemographic, health behavior, and clinical characteristics among black and white participants. Web Table 1 displays the mean or prevalence of these characteristics by race/ethnicity among those with short sleep duration. Blacks were more likely than whites to experience short sleep duration (37% vs. 28%). For both blacks and whites, there were no apparent differences in short sleep duration by sex. Regarding education, the greatest prevalence of short sleep duration was among white high school graduates (36%) and among blacks with some college (41%). The prevalence of short sleep duration among individuals living in poverty was similar for both blacks and whites. The overall percentage point difference in short sleep duration between blacks and whites was 16 for those in professional/administrative/ management positions, 11 for those in support services, and 4 for laborers.
Black-white differences in short sleep duration by industry and occupation Table 2 shows the adjusted prevalence ratios of short sleep duration for blacks and whites by industry of employment. The adjusted prevalence of short sleep duration was higher among blacks employed in the following industries than among whites employed in the same industries: finance/information/ real estate (prevalence ratio (PR) = 1.44, 95% confidence interval (CI): 1.30, 1.59), professional/administrative/management (PR = 1.30, 95% CI: 1.18, 1.44), educational services (PR = 1.39, 95% CI: 1.25, 1.54), public administration/arts/other services (PR = 1.30, 95% CI: 1.21, 1.41), health care/social assistance (PR = 1.23, 95% CI: 1.14, 1.32), and manufacturing/construction (PR = 1.14, 95% CI: 1.07, 1.20). Prevalence of short sleep duration, however, was not different between blacks and whites in the retail trade industry (PR = 1.07, 95% CI: 0.96, 1.18) or in the accommodation/food services industry (PR = 1.05, 95% CI: 0.93, 1.19). Web Tables 2 and 3 displaytrends in the adjusted prevalence ratios of short sleep duration in blacks compared with whites across the aforementioned industries of employment and occupations, respectively. Web Figure 2 shows a black-white comparison of age-adjusted prevalence of short sleep duration by class of work and employment status. Figure 1 illustrates temporal trends in the age-adjusted prevalence of short sleep duration by industry of employment among both blacks and whites. Trends in short sleep prevalence were different for blacks and whites for the finance/ information/real estate industry (P for interaction = 0.02) and for the professional/administrative/management industry (P for interaction = 0.04). The prevalence estimates of short sleep duration did not differ over the study period by race in any otherindustry.Theconsistentlywidestdisparities inshortsleep duration by race were observed among those in the educational services and finance/information/real estate industries.
Trends in sleep duration by industry of employment
Among whites in most industries (except health care/social assistance), laborers had the greatest prevalence of short sleep duration compared with individuals employed in support services or professional/administrative/management positions (see Table 3 ). Blacks had a consistently higher prevalence of short sleep duration than that of their white counterparts except for laborers in retail trade (for blacks, 26%; for whites, 34%) and in accommodation/food services (for blacks, 34%; for whites, 34%). Blacks in the professional/administrative/management industry category had the same prevalence of short sleep duration (38%) regardless of occupation. For blacks, the prevalence of short sleep duration was higher among professional workers compared with others in most industries; in contrast, among whites, the prevalence of short sleep duration was lower for those in professional roles compared with other occupational roles. Web Table 4 lists the prevalence of short sleep duration by occupation within industry among both black and white participants without reported diabetes, heart disease, or cancer. Furthermore, the results (main and interaction) for race and survey year by industry of employment are shown for optimal sleep duration in Web Table 5 and for short sleep duration in Web Table 6 .
DISCUSSION
We found that blacks had an overall age-adjusted prevalence of short sleep duration that was 9 percentage points higher than that for whites, and the difference in prevalence of short sleep duration between blacks and whites varied by both industry and occupation. We also found that, for most industries, differences in the prevalence of short sleep duration between blacks and whites narrowed among laborers but increased among professional workers; therefore, the prevalence of short sleep duration was more comparable among black and white individuals with lower socioeconomic status. Specifically, the prevalence of short sleep duration generally increased with increasingly professional roles within a given industry among blacks, whereas short sleep prevalence decreased with increasing professional roles for whites. Interestingly, blacks in the professional/administrative/management industry category had the same prevalence of short sleep duration regardless of occupation, and whites who were laborers in the retail trade industry were the only group to have a higher prevalence of short sleep duration than blacks, at 34% versus 26%, respectively (Table 3) .
Our study, in combination with previous investigations, suggests that population patterns of sleep duration are likely influenced by complex aspects of the social and work environments, including features that are inequitably distributed (13, 44) . A previous study found a high prevalence of short sleep duration among workers in the transportation/warehousing, manufacturing, and public administration industries and identified specific occupational groups within these industries with the highest prevalence of short sleep duration (13) . The study adjusted for race and did not report on black-white differences. Sleep restriction, however, is a potential source of health inequity among races and is a modifiable population health determinant that deserves further investigation.
Several potential mechanisms may connect one's job (a marker of socioeconomic position) with one's overall health, because occupation influences specific sleep conditions through power, prestige, and access to resources (45, 46) . There are also pathways that likely produce racial/ethnic disparities in health, with shorter, lower quality sleep among blacks being an A) Agriculture, forestry, fishing, and hunting; mining; utilities; construction; manufacturing; wholesale trade; and transportation and warehousing industries (P for interaction = 0.54; for whites, P for trend = 0.28; for blacks, P for trend = 0.65). B) Retail trade industry (P for interaction = 0.88; for whites, P for trend = 0.94; for blacks, P for trend = 0.84). C) Information; finance and insurance; and real estate rental and leasing industries (P for interaction = 0.02; for whites, P for trend = 0.55; for blacks, P for trend = 0.31). D) Professional, scientific, and technical services; management of companies and enterprises; and administrative and support and waste management and remediation services industries (P for interaction = 0.04; for whites, P for trend = 0.73; for blacks, P for trend = 0.41). E) Educational services industry (P for interaction = 0.06; for whites, P for trend = 0.90; for blacks, P for trend = 0.40). F) Health care and social assistance industry (P for interaction = 0.99; for whites, P for trend = 0.86; for blacks, P for trend = 0.45). G) Accommodation and food services industry (P for interaction = 0.10; for whites, P for trend = 0.86; for blacks, P for trend = 0.83). H) Public administration; other services; and arts, entertainment, and recreation industries (P for interaction = 0.75; for whites, P for trend = 0.32; for blacks, P for trend = 0.11). Diamonds represent whites and squares represent blacks.
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Am J Epidemiol. 2013;178(9):1442-1451 important contribution. For instance, occupational status is influenced by educational attainment that creates differential access to and use of information and knowledge (healthrelated and other), and income creates differences through differential access to quality education, as well as to material goods and services. Stress related to limited social and material resources may negatively affect sleep.
Furthermore, racial/ethnic disparities in sleep may be propagated through differential exposure to social hazards in the workplace that produce or further exacerbate stressors that impair sleep. For instance, exposure to historical and contemporary forms of discrimination/harassment in the workplace and in society may play an important role in producing psychosocial stress, in addition to job strain or limited control over job demands/prestige, as illustrated by the well-known Karasek and Theorell demand-control model (38, (47) (48) (49) . Additionally, shift work is more common in racial/ethnic minorities than in other groups (50, 51) and may help explain the observed racial differences in the prevalence of short sleep duration by industry and occupation, as well as the commonly observed flatter inverse gradients between some measures of socioeconomic status and various health outcomes among blacks compared with whites (52). Blacks have also been shown to have more risk factors for comorbid conditions (e.g., obesity, type 2 diabetes, sleep apnea) that may result in less, poorer quality sleep, and these health conditions have been shown to influence one's working conditions (53, 54) .
With an increasing number of blacks entering into professional and management roles within any given industry, it would be useful to further investigate structural or macrolevel social factors that contribute to the increasing prevalence of short sleep duration with increasingly professional roles among blacks. This is in contrast to the apparent decrease in prevalence of short sleep duration with increasingly professional roles for whites. Perhaps, the high prevalence of short sleep duration among professional blacks can be attributed, in part, to limited professional/social networks that can provide emotional and financial support, discrimination in the workplace, the perceived high work ethic needed to succeed, and/or greater levels of stress at home. An extraordinarily strong work ethic may emerge as a coping strategy in response to psychosocial and environmental stressors (e.g., career concerns, racism) when effort is not supported by potentially mitigating resources (e.g., financial and emotional support). This phenomenon is potentially damaging to health through, among other factors, shorter sleep duration, and has been referred to as John Henryism in the epidemiologic literature (55) (56) (57) .
Our study has several limitations. For instance, we had a cross-sectional study design and were unable to investigate prospective associations between type of employment and sleep duration. We also relied on self-reported data, including data for sleep duration, whereas actigraphy and polysomnography (the "gold standard") would provide more objective measures (58) . A previous study has shown a moderate correlation (r = 0.45) between reported and measured sleep duration and (although more research is necessary) did not find that blacks differed appreciably in their sleep duration reporting error compared with whites (58). We did not have data on the number of children (neither young nor adolescent) living in the household, which could influence sleep and could differ by race. We also did not have access to data on medication use that may affect sleepiness. Further, employment status was based on participants being employed during the week prior to the interview, which can be more variable for lower-socioeconomic status, minority groups (59); therefore, studies capable of exploring the influence of job security on sleep disparities would be particularly useful. Lastly, our occupational categories may include considerable heterogeneity and likely correlate with wealth. Our categories may also include a disproportionate number of shift workers, a variable for which we were unable to adjust, although shift work has been shown to differ by race and to negatively affect sleep (16, 32, 60) .
Despite the limitations, our study has important strengths. For instance, our data were based on a large sample size with a large minority population in which robust racial, industry, and occupational stratification, as well as modification testing for a priori factors of interest, was possible. We had sleep data from 8 consecutive years, which enhanced our power to investigate sleep disparities. Also, our data are nationally representative and recently collected. We also directly estimated prevalence ratios rather than odds ratios for easier interpretation.
In conclusion, differences in short sleep duration among blacks and whites varied by industry of employment and occupation and did not appear to change over the study period. High socioeconomic status among blacks does not appear to be protective against short sleep duration, but it does for whites. These findings suggest the need for further investigation of racial/ethnic disparities in the work-sleep relationship to develop strategies for management, as well as tailored interventions that address disparities and improve sleep for optimal health among US workers.
